With the broad interest and development of superhydrophobic surfaces for self-cleaning, condensation heat transfer enhancement, and anti-icing applications, more detailed insights on droplet interactions on these surfaces have emerged. Specifically, when two droplets coalesce, they can spontaneously jump away from a superhydrophobic surface due to the release of excess surface energy. Here we show that jumping droplets gain a net positive charge that causes them to repel each other mid-flight. We used electric fields to quantify the charge on the droplets, and identified the mechanism for the charge accumulation, which is associated with the formation of the electric double layer at the droplet-surface interface. The observation of droplet charge accumulation provides insight into jumping droplet physics as well as processes involving charged liquid droplets. Furthermore, this work is a starting point for more advanced approaches for enhancing jumping droplet surface performance by using external electric fields to control droplet jumping.
Introduction
Exactly one hundred years ago in 1913, Robert A. Millikan 1 analyzed the motion of electrified droplets in a uniform electric field to quantify the charge of an electron. Since then, researchers have studied the mechanism of charge accumulation on atomized droplets 2 , sessile droplets [3] [4] [5] , and the hydrophobic coatings beneath them [6] [7] [8] [9] , sometimes using a modification of Millikan's approach 5 . Recently, with the broad interest and development of superhydrophobic surfaces 10, 11 for a variety of applications including self-cleaning 12 , condensation heat transfer enhancement [13] [14] [15] [16] [17] [18] [19] [20] [21] , thermal diodes 22, 23 , and anti-icing [24] [25] [26] [27] , more detailed insights on droplet interactions on these surfaces have emerged. Specifically, when two or more small droplets (≈10-100 µm) coalesce, they can spontaneously jump away from a superhydrophobic surface due to the release of excess surface energy 28 , which promises enhanced system performance by passively shedding water droplets 13, 15 . To date, researchers have focused on creating superhydrophobic surfaces showing rapid droplet removal [29] [30] [31] [32] [33] [34] [35] [36] [37] and experimentally analyzing 14, 16, 30, 38 and modeling 39, 40 the merging and jumping behavior prior to and immediately after coalescence. However, aspects related to the droplet charging during the formation, growth and jumping of droplets have not been
identified.
Here, we show that jumping droplets gain a net positive charge that causes them to repel each other mid-flight. In a modified experiment inspired by that of Millikan 1 , we used uniform electric fields to quantify the charge on the droplets. By studying a variety of hydrophobic coatings and structure length scales, we showed that the charge is dependent on the surface area of the departing droplets and the hydrophobic coating beneath them. Accordingly, we explained the mechanism for the charge accumulation, which is associated with the formation of the electric double layer at the droplet-coating interface, and subsequent charge separation during droplet jumping. Our results demonstrate the important role of surface charge interactions on jumping droplet dynamics and also provide insight into jumping droplet physics. This work is also a starting point for more advanced approaches for enhancing jumping droplet surface performance. For example, an external electric field can control the jumping efficiency to enhance condensation heat transfer, anti-icing, and self-cleaning performance. In addition, the charge separation phenomenon promises an advantageous metrology to characterize the zeta potential of hydrophobic coatings on large scale superhydrophobic surfaces. Furthermore, the identified electric double layer charge separation 41 and droplet charging can be used for atmospheric electric power generation.
Results

Jumping droplet interactions.
To characterize droplet-droplet interactions on a well-defined surface, we first investigated the jumping droplet behavior of copper (Cu) tubes coated with in the vapor phase (see Methods). This self-assembled silane coating (hereafter labeled "TFTS")
had a typical advancing angle of θ a ≈ 120˚ when measured on a smooth reference surface and typical advancing/receding angles of θ a /θ r ≈ 171/167 ± 3˚ when measured on the nanostructured CuO surface. To observe droplet jumping, the CuO tubes were tested in a controlled condensation chamber (see Methods). Prior to performing the experiments, the water for the vapor supply was vigorously boiled and the test chamber was evacuated to a pressure P < 0.5 ± 0.025 Pa to eliminate non-condensable gases. Throughout the experiments, the chamber pressure and temperature were continuously monitored to ensure saturated conditions. The temperature of the tube was independently controlled via a cooling loop (see Methods). , an unexpected observation if the droplets were neutral 42 . Instead, the mid-flight repulsion indicates that droplets may carry electric charge. Furthermore, the uniform repulsive interaction of droplets shows that the charge polarity, i.e., positive or negative, must be identical for all jumping droplets.
To further study the charging hypothesis and elucidate the charge polarity, we modified the experimental setup to include an electrode (Figure 2a , see Methods, and Supplementary Figure S4 ). The electrode was a 350 µm diameter aluminum wire, and was connected to a 600 V DC power supply (N5752A, Agilent Technologies) with the opposite terminal connected to the grounded tube sample. The electrode was placed beneath the superhydrophobic surface to allow interactions between the electrode and droplets passing under the influence of gravity. With an applied constant electrical bias (ΔV), an electric field between the electrode and grounded tube was established, creating droplet motion toward or away from the electrode depending on the polarity of the bias (negative or positive). Figure 2b shows a long exposure image (50 ms) of droplet motion in the presence of the electrode with ΔV = 0. As expected, droplet-droplet interactions were observed close to the tube sample, while no electrode-droplet interactions were apparent due to the neutrality of the electrode. However, when a negative bias was applied to the electrode (ΔV = -100, -300, -500V), significant droplet-electrode attraction was observed ( Figure   2c , see Supplementary Movies 5, 6, 7). To eliminate the possibility of induced electrical effects,
i.e., droplet motion due to dielectrophoresis, we reversed the polarity of the electrode (ΔV = +100, +300, +500V) and saw a significant droplet-electrode repulsion (Figure 2d , see
Supplementary Movies 8, 9, 10). The repulsion and attraction observed under positive and negative electrode bias, respectively, indicates that dielectrophoresis was not the cause of droplet-electrode interaction and that all of the droplets were positively charged after jumping from the surface. Although the magnitude of the droplet charge can be calculated from these electrode experiments, potential charging of the hydrophobic surface coating may arise 6, 9 , altering the voltage bias so that the magnitude of the electric field is difficult to determine. It is also important to note that, although charging may occur from the tube substrate beneath the nanostructure via flow electrification 43 , droplet charging was found to be independent of the cooling water flow rate, thus eliminating this possibility.
Droplet charge measurement.
To better control the electric field, we adapted an approach similar to that of Millikan 1 whereby external parallel plates were used to create a uniform field. was mounted adjacent to the parallel plates to record the droplet motion between the plates. The camera was mounted ≈20 mm below the top of the plates to avoid non-parallel field edge effects and to allow droplets to reach terminal velocity prior to entering the field of view of the camera. The results show that there are two regimes: 1) for smaller radii (R ≲ 7 µm), the droplet charge was independent of the surface area (~R 0 ). This behavior can be explained by examining the droplet growth prior to coalescence. Droplets growing on the superhydrophobic surface first nucleate within a structure unit cell, i.e., area between the structures, eventually emerging from the unit cell to grow up and above the structures with a constant basal area 13, 14 . Throughout this growth, the interfacial area between the structured surface and liquid droplet remains relatively constant since the droplet grows primarily by increasing its contact angle and forming a more spherical shape 14 , resulting in a constant electrostatic charge. 2) For large radii (R ≳ 7 µm) the charge is droplet surface area dependent (~R 2 ) and is equal to q'' = 7.8 ± 3.6 µC/m 2 . This dependency on surface area indicates that the charging mechanism of droplets is associated with the interfacial area between the condensing droplets and the hydrophobic surface beneath them when the growth phase enters the period of constant contact angle with increasing basal area expanding over the tips of the surface structures 13 . Furthermore, the results show that droplet charging was independent of the electric field strength, indicating that induced electrification or dielectrophoretic effects were not factors in the experiment.
Droplet charging on different surfaces. To further elucidate the potential mechanism of the droplet charging, we fabricated superhydrophobic surfaces spanning a range of length scales (~10 nm -1 µm) and materials including CuO, zinc oxide (ZnO), and silicon nanopillars (Si), shown in Figure 4 (see Methods). 
Discussion
Based on our results, we propose a charge separation mechanism governed by the critical time scale associated with the droplet coalescence. It is well-known that most hydrophobic coatings have a negative zeta potential 3, 8 . In the presence of liquid water, these surfaces tend to adsorb negative charge and form an electric double layer in the fluid. Although the water used in these experiments is deionized, the dissociation of water molecules into their HO -and H + constituents continues in equilibrium 3 . As water droplets nucleate and grow on the superhydrophobic surface, OH -ions transport to the coating and preferentially adsorb to the surface, forming a diffuse double layer at the coating surface inside the nanostructure unit cell 6 . If the droplet is removed fast enough (coalescence and jumping), charge separation can occur, resulting in H + accumulation inside the jumping droplet. However, if the droplet is removed slowly, the motion of the contact line and subsequent accumulation of H + in the droplet will create a counter electric field, accelerating the desorption of the OH -ions and ensuring net neutrality of the removed droplet. To gain a better understanding of these dynamic processes, the time scales associated with each (coalescence, diffusion, and electrophoresis) are considered. For water droplets of radii R ≳ 2 µm, coalescence is governed by an inertially-limited viscous regime at low neck radii (R min /R ≤ Oh, where R min is the radius of the neck connecting the two coalescing droplets, and Oh is the characteristic droplet Ohnesorge number defined by Oh = µ/(ρ w ·σ·R) 1/2 ), and by an inertial regime at larger neck radii (R min /R > Oh) 44 . Due to the relatively low Ohnesorge number, Oh ≈ 0.02 to 0.1 (for the droplet range analyzed here, 2 µm < R <40 µm), the majority of droplet coalescence (> 90% for R = 2 µm) occurs in the inertial regime 44 where the time scale is governed by a capillary inertial scaling [45] [46] [47] Figure S9 ). As mentioned previously, if the time scale of the coalescence process is too fast, insufficient time is allotted for OH -desorption and subsequent transport to the droplet bulk before it jumps.
Comparing the characteristic time scales shows that τ c /τ d << 1 and τ c /τ e << 1 for the entire range of measured droplet charge and ion type (see Supplementary Figure S9 ), suggesting that, although a counter electric field develops at the rapidly moving contact line during coalescence, the time needed for OH -desorption and transport to the droplet bulk is not sufficient, leaving OH -adsorbed to the surface while resulting in a positively charged jumping droplet.
The electrical (τ e ) and hydrodynamic (τ d ) time scales defined above have been commonly studied for coupled hydrodynamic-electrical phenomena, such as charged liquid jets 50 , to differentiate the phenomena of charge relaxation and charge separation [50] [51] [52] This work offers new opportunities for a wide variety of possible applications such as the use of external electric fields to control the jumping frequency from the surface to increase condensation heat transfer 13 , enhance anti-icing 24 , improve self-cleaning performance 12 , and enhance thermal diode efficiency 22 . In addition, by providing a relative measure of the charge adsorption, a new metrology can be developed to characterize the electrokinetic properties, such as the zeta potential, of hydrophobic materials and coatings on large scale surfaces 54 .
Furthermore, the identified electric double layer charge separation 41 and droplet charging can be used for atmospheric energy harvesting and electric power generation where charged droplets jump between superhydrophobic and hydrophilic surfaces to create an electrical potential. achieved, a precursor gas was pumped into the chamber and a radio frequency (RF) voltage was generated to convert the gas into plasma. This process involves the stripping of electrons from the precursor molecule, as well as fragmentation of the molecule into neutral, charged, and radical species.
Methods
These reactive species reassembled on the surface of the sample in the chamber to create a highly conformal (≈ 40 nm thick) hydrophobic fluoropolymer coating. Goniometric measurements (MCA-3, Kyowa Interface Science) of ≈100 nL droplets on a smooth SPF coated silicon wafer surface showed advancing and receding contact angles of θ a = 114.8° ± 2.6° and θ r = 103.0° ± 3.2°, respectively.
The P2i hydrophobic coating (Figure 4d ) was achieved with plasma enhanced vapor deposition.
The process occurs under low pressure within a vacuum chamber at room temperature. The coating is introduced as a vapor and ionized. This process allows for the development of a highly conformal (≈ 30 nm thick) polymer layer, which forms a covalent bond with the CuO surface, making it extremely durable. Goniometric measurements (MCA-3, Kyowa Interface Science) of ≈100 nL droplets on a smooth
P2i coated silicon wafer surface showed advancing and receding contact angles of θ a = 124.3° ± 3.1° and θ r = 112.6° ± 2.8°, respectively.
Stearic acid (n-octadecanoic acid, Sigma-Aldrich, Figure 4e ) was bonded to the surface following a procedure adapted from work by X. Wu, et al To run the test samples inside the chamber, the stainless steel bellows tube lines (1/4", Swagelok)
were connected to the external water flow lines (Supplementary Figure S2c) . T-connection adapters (Swagelok) with bore through Ultra-Torr fittings (Swagelok) were used to adapt K-type thermocouple probes (Omega) at the water inlet and outlet.
Prior to experimentation, the thermocouple probes were calibrated using a high precision temperature controlled bath (Lauda Brinkman) to an accuracy of ± 0.1 K. The test samples, 6.35 mm outer diameter tubes with different surface treatments, were connected via a Swagelok compression fitting onto the T-connection. Chilled water flows through the inlet bellows tube, along the inside of the tube sample and through the outlet. Two supports were used to hold the sample and the entire configuration in place. Two separate pieces of insulation were embedded with K-type thermocouple leads and used for wet bulb temperature measurement during experimental runs. A third thermocouple was placed beside the sample to measure the reference temperature inside the chamber (Supplementary Figure S3) .
Condensation experimental procedure.
For each experimental trial, a set of strict procedures were followed to ensure consistency throughout the experiments. The first step of the process was to turn on the voltage regulator to heat up the environmental chamber walls, which prevented condensation on the chamber walls. Simultaneously, the water vapor reservoir was filled with approximately 3.5 liters of DI water (99% full) using a syringe through the vapor release valve. After opening the vapor inflow valve and closing the vapor release valve, the rope heater around the water vapor reservoir was turned on with the heater controller set to maximum output (120 W). Then the rope heater connected to the vapor inflow valve was turned on. The temperature of the water reservoir was monitored with the installed thermocouples; the temperature at the top of the reservoir was higher than that of the middle/bottom of the reservoir due to the water thermal-mass present at the middle/bottom section. Hence, we ensured that the regions of the water reservoir of higher thermal capacity were brought to a sufficiently high temperature for boiling. During the boiling process, aluminum foil was placed on the bottom surface of the inner chamber to collect any of the water leaving the vapor inflow line. Once boiling was achieved and all thermocouples on the reservoir were > 95˚C for at least 10 minutes, the vapor inflow valve was closed. The excess water that spilled inside the chamber during de-gassing of the reservoir was removed.
In order to install the samples onto the rig (Supplementary Figure S3) , the Swagelok female adapters at the ends of the tube samples were connected to the 90 degree male elbow connecters on the rig. Before installing the entire sample setup in the chamber, all adapters/connecters were tightened to ensure that there were no leaks that could affect vacuum performance. The setup was then placed on top of the steel supports and the bellows tubes (for the water inflow/outflow) were connected to the water lines. Then the insulating wet bulb wick was placed near the sample and in contact with the bottom surface of the chamber.
The next step was to begin the vacuum pump-down procedure. Initially, the liquid nitrogen cold trap was filled to about half capacity. The ambient exposed valves connecting the chamber and the vacuum pump were both closed and the valve connected to the liquid nitrogen cold trap was opened. The vacuum pump was then turned on, initiating the pump-down process. The pressure inside the chamber was monitored during the pump-down process. This process took approximately one hour in order to achieve the target vacuum conditions (0.5 Pa < P < 1 Pa). The experimental operating pressure of noncondensable was set to be a maximum of 0.25% of the operating pressure. Non-condensable gas content of above 0.5% (pressure) was shown to significantly degrade performance during dropwise condensation.
In our experiments, extreme care was taken to properly de-gas the vacuum chamber and water vapor reservoir prior to experimental testing. In addition, the chamber leak rate was characterized prior to each run in order to estimate the maximum time available for acquiring high fidelity data with noncondensable content of less than 0.25%.
The setup of the water flow-loop is described as follows. The Neslab water pump reservoir was filled and turned on to a flow rate of 5 L/min (0 < ΔT LMTD < 15 K). The flow rate was monitored with the flow meter integrated in the inflow water line. In order to bring the chilled water into the flow loop and to the tube sample, the external chilled water lines were opened.
Prior to beginning experiments, the high-speed camera was turned on for visual recording of the sample during condensation. Afterwards, the rope heater around the water reservoir was turned off and the vapor inflow valve was slowly turned open until the operating pressure was reached. Steady state conditions were typically reached after 2 minutes of full operation.
Charge polarity experimental procedure. To study the effect of droplet charging, the experimental setup was modified to include an electrode placed beneath the CuO nanostructured tube (Supplementary Figure S4) . The electrode (red insulated wire) was connected to the insulated copper electrical feed through and brought in close proximity (< 1 cm) to the tube via an insulated copper holder made from a strip of copper sheet. To electrically insulate the holder, a piece of insulation was placed beneath it (Supplementary Figure S4a) . The electrode was energized by an external 600 V DC power supply Figures S4c and d) .
Charge measurement experimental procedure. To study the magnitude of the charge imparted on the droplet (in addition to verifying the polarity), a Millikan 1 inspired parallel plate setup was used to establish a uniform electric field. The previously discussed wire electrode setup was advantageous in providing a simple measure of charge polarity; however, it was difficult to utilize for calculating the magnitude of the charge. The difficulty was related to potential charge accumulation on the hydrophobic coating 6,58 making it difficult to calculate an accurate electric field magnitude. In addition, the nonuniform electric field established between the tube and electrode added increased complexity to the charge calculation. Furthermore, the non-uniform electric field had the potential to create a dielectrophoretic force component on the jumping droplets 54 , creating additional difficulty for the determination of droplet charge.
To accurately obtain the magnitude of the charge on the droplets, we used a uniform electric field. Figure S5b) was placed behind the plates and shining between them towards the view port.
Once condensation initiated, droplets jumping from the surface were captured between the parallel plates, reaching terminal velocity in the process and allowing for the trajectory to be analyzed.
The high speed and SLR cameras were used to image the droplet motion between the plates. The focal plane was set to lie beneath the tube where droplet motion was frequent. 
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Supplementary Note 1 Droplet Force Balance
To determine the droplet charge, the trajectory of jumping droplets captured in the uniform electric field (between the parallel plates) was analyzed and compared with a developed model of droplet trajectory. To model the droplet motion, we considered a force balance on charged droplets traveling downward in the uniform electric field (Supplementary Figure S6) . The forces in the x-direction are the electric field force (F E = q·E), and the drag force (
where q is the charge on a droplet, E is the electric field strength, F D is the drag force on the droplet, and θ is the deflection angle of the droplet measured from the vertical axis F D,y = 6·π·µ v ·v y ·R which can be equated to the gravitational force and solved for R as follows:
where C is the Cunningham slip correction for small droplets when air no longer behaves like a continuous fluid and accordingly, to account for the apparent decrease in fluid viscosity that results 60 . This correction factor is based on the relative dimensions of size of λ, the mean free path of the gas molecules (λ ≈ 4.1 µm at P sat = 2700 Pa), and the particle diameter, 2R. The ratio of these is the Knudsen number, Kn = λ/2R. The correction factor is equal to:
The above analysis is only valid for droplets which have reached terminal velocity. Droplets undergoing acceleration will show a variable deflection angle θ. To check the validity of this assumption, all droplets considered were analyzed for many frames to ensure terminal condition.
Furthermore, the long exposure SLR images (Supplementary Figure 4c) showed trajectories that were straight lines, indicating terminal velocity has been reached.
Once the mass and deflection angles were calculated from analyzing the high speed video, Equation S3 was used to determine the charge on the droplet. It is important to note the error associated with Stokes approximation in conjunction with the Cunningham slip factor was assumed to be a conservative estimate of 8%. 
Supplementary Note 3 Time Scale Analysis
Water deposition on any surface with a known zeta potential, ζ, will initiate the buildup of an electrical double layer on the surface 8, 54 . If a droplet is deposited on a hydrophobic surface, the hydrophobic coating will begin to adsorb charge preferentially depending on the zeta potential of the coating. A review of previous literature indicates that most hydrophobic coatings have a negative zeta potential 3 , i.e., that they will preferentially accumulate OH -anions from the aqueous phase in the immobile Stern layer 6, 62 . If the droplet is removed slowly from the surface however, the slow buildup of solvated hydronium (H + ) cations inside the bulk of the droplet will increase the driving force for anion separation from the solid/liquid interface. This effect gives rise to charge neutrality inside the liquid bulk and little if any measurable charge left on the removed droplet. However, if the droplet is removed quickly (as is the case is droplet coalescence and jumping), the time required for anion separation is insufficient, and the jumping droplet can leave the surface with a higher concentration of H + cations, while leaving behind a pinned liquid film with excess OH -anions.
Comparing the critical time scales of the coalescence process with the time scales required for the mobile OH -anion to transport to the bulk liquid droplet (as in the case of slow droplet removal) provides insights into which process dominates the droplet jumping physics. The surface tension driven coalescence of two water droplets (R ≥ 2 µm) is governed by an inertiallylimited-viscous regime at low neck radii (R min /R ≤ Oh, where R min is the radius of the neck connecting the two coalescing droplets, and Oh = µ/(ρ w ·σ·R) 1/2 is the Ohnesorge number, µ is the droplet viscosity, ρ is the droplet density, and σ is the droplet surface tension), and an inertial regime at larger neck radii (R min /R > Oh). 44 For the water droplets analyzed in this study (2 µm < R < 40 µm) the characteristic Ohnesorge number was calculated to be 0.02 < Oh < 0.1. The relatively low values of Oh imply that the majority of the droplet coalescence process (> 90% for R = 2 µm), i.e., bridge formation process, was in the inertial regime, and a small portion of coalescence (<10% for R = 2 µm) was limited by inertially-limited viscous dynamics 44 .
Furthermore, the rate of neck formation between two coalescing droplets follows the power law R min ~ τ, and R min ~ τ 1/2 for the inertially-limited viscous regime and inertial regime, respectively [45] [46] [47] 63, 64 making droplet coalescence in the inertial regime slower and an over-estimate for overall time scale dynamics. Therefore, as a conservative estimate, we calculated the droplet coalescence time scale by scaling the inertial and capillary energies: [45] [46] [47] (S8)
where σ is the droplet surface energy, and U is the characteristic droplet velocity governed by the liquid bridging process during coalescence 47 , which can be represented by U ~ R/τ, where τ is the critical time scale for droplet bridge formation and coalescence. Substituting the scaling for U and isolating for τ, we obtain the coalescence time scale:
In order to compare the time scale of the free anion transport from the Stern layer on the hydrophobic surface to the droplet bulk, the droplet surface separation process needs to be understood. When droplets coalesce and jump from the surface, they tend to leave behind a pinned liquid region within the micro/nanoscale structures. This pinned liquid region has a high adhesion and the coalescence event has insufficient energy to remove the pinned liquid with departing coalescing droplets 14, 36 . If an anion becomes free of the Stern layer due to an electric field buildup, it would have to transport through the pinned liquid region prior to entering the jumping droplet. The characteristic transport length is therefore characterized by the structure height, h. The anion has two possible transport mechanisms, diffusion (hydrodynamic limit) of the desorbed ion through the pinned liquid region residing in the structure 48 , and electrophoresis 49 (electrical limit) of the desorbed ion due to the formation of the counter electric field generated within the droplet. The diffusion 65 and electrophoretic time scales 49 for transport across the gap can be estimated as: 
Supplementary Note 4 Zeta Potential Calculation
To gain increased understanding of the magnitude of the droplet charging, and to correlate it better to the zeta potential of the tested hydrophobic coatings, we calculated the effective zeta potential of the surface using the measured charge of the droplets. The force, F E , on a charged water droplet (with a finite zeta potential) due to an applied electric field can be calculated by 68 :
where ε r and ε 0 are the dimensionless dielectric constant of the aqueous solution (ε r ≈ 80 for water) and the dielectric permittivity of free space (ε 0 = 8.854×10 -12 F/m), ζ is the droplet zeta potential, E is the electrostatic field strength, and f 1 (κ·R) is the well-known Henry function 69 , κ is the Debye-Huckel constant, which mainly depends on the ionic properties of the aqueous phase, and 1/κ characterizes the electric double layer (EDL) thickness. The Henry function was calculated based on the EDL thickness, and was determined to be f 1 (κ·R, R/δ) = 1.5. 69 By relating Equation S11 to the force on a charged droplet, the zeta potential can be expressed as:
(S13)
Due to charge neutrality, the estimated zeta potential of the droplet can be related to the zeta potential of the surface by ζ droplet = -ζ surface . Substituting in characteristic values (q ≈ +9, +6, +13, +13, +2 fC at R = 8 µm for thiol, TFTS, SPF, P2i, and stearic acid, respectively) determined from the experiments in order to estimate the zeta potential, we obtained ζ thiol ≈ -84 mV, ζ TFTS ≈ -56 mV, ζ SPF ≈ ζ P2i ≈ -121 mV, ζ stearic acid ≈ -19 mV and for the thiol, TFTS, SPF, P2i, and stearic acid coated surfaces, respectively.
